Pendrin is expressed in the apical regions of type B and non-A, non-B intercalated cells, where it mediates Cl Ϫ absorption and HCO 3 Ϫ secretion through apical Cl Ϫ /HCO 3 Ϫ exchange. Since pendrin is a robust I Ϫ transporter, we asked whether pendrin is upregulated with dietary I Ϫ restriction and whether it modulates I Ϫ balance. Thus I Ϫ balance was determined in pendrin null and in wild-type mice. Pendrin abundance was evaluated with immunoblots, immunohistochemistry, and immunogold cytochemistry with morphometric analysis. While pendrin abundance was unchanged when dietary I Ϫ intake was varied over the physiological range, I
Ϫ absorption. Increased H2O intake enhanced differences between wildtype and pendrin null mice in I Ϫ balance, suggesting that H2O intake modulates pendrin abundance. Raising water intake from ϳ4 to ϳ11 ml/day increased the ratio of B cell apical plasma membrane to cytoplasm pendrin label by 75%, although circulating renin, aldosterone, and serum osmolality were unchanged. Further studies asked whether H 2O intake modulates pendrin through the action of AVP. We observed that H 2O intake modulated pendrin abundance even when circulating vasopressin levels were clamped. We conclude that H 2O intake modulates pendrin abundance, although not likely through a direct, type 2 vasopressin receptor-dependent mechanism. As water intake rises, pendrin becomes increasingly critical in the maintenance of Cl Ϫ and I Ϫ balance.
chloride; apical anion exchange; vasopressin; intercalated cells; vasopressin escape HOW THE KIDNEY REGULATES I Ϫ excretion is poorly understood. In humans, I
Ϫ elimination occurs primarily through the kidney, being excreted in urine as inorganic I Ϫ (38) . I Ϫ is eliminated to a lesser extent in stool as organic I Ϫ (38) . In kidney, I Ϫ is filtered at the glomerulus and absorbed along the tubular epithelium through both passive and active mechanisms (38) . Renal I Ϫ clearance follows changes in glomerular filtration rate (GFR), although I Ϫ clearance is lower than GFR due to I Ϫ absorption along the nephron (38) . However, the molecular mechanisms responsible for renal tubular I Ϫ absorption are poorly characterized.
Pendrin is a robust I
Ϫ transporter that is expressed in the apical regions of type B and non-A, non-B intercalated cells found within the distal convoluted tubule (DCT), the connecting tubule (CNT), the initial collecting tubule (iCT), and the cortical collecting duct (CCD) (13, 21, 34 (22, 23, 25, 40) in an electroneutral, 1:1 exchange relationship (24) . In rabbit CCD, electroneutral apical Cl Ϫ / HCO 3 Ϫ exchange is observed in type B intercalated cells, which occurs, at least partly, through the action of pendrin (21, 27, 35) .
Pendrin is upregulated with dietary Cl Ϫ intake restriction, which increases Cl Ϫ uptake in the CCD (20, 30, 32) , thereby helping maintain NaCl balance (32, 35) . Whether pendrin abundance is regulated by dietary intake of other halides, such as I Ϫ , and whether pendrin contributes to the maintenance of I Ϫ homeostasis are unexplored. Thus the purpose of the present study was to determine whether pendrin is upregulated with dietary I Ϫ restriction and to determine whether and how pendrin participates in the renal regulation of I Ϫ excretion.
METHODS

Animals
Slc26a4 (Ϫ/Ϫ) mice (9) were bred in parallel with coisogenic wild-type mice (129S6/SvEv Tac, Taconic Farms, Germantown, NY). Ration-fed, age-and sex-matched male and female Slc26a4 (Ϫ/Ϫ) and Slc26a4 (ϩ/ϩ) mice were studied. Table 1 shows the composition  and I Ϫ content of these diets as determined by our analysis (2, 3) . Each diet was prepared as a gel (31), thus enabling H 2O and food intake to be predetermined.
Treatment Conditions
Effect of I
Ϫ intake on pendrin abundance (series 1). Mice received a synthetic, I
Ϫ -restricted diet (0.9 g I Ϫ /day, Table 1 , series 1) that provided an I Ϫ intake slightly above the minimum daily requirement for a mouse (28) or the same diet supplemented with potassium iodide (KI), giving an I Ϫ intake (13 g I Ϫ /day), which is slightly above that of standard rodent diets.
1 After 2 wk of treatment, mice were killed, and pendrin abundance was examined.
Effect of H 2O intake on pendrin abundance (series 2). For 7 days, mice ate a balanced, grain-based, NaCl-replete diet giving mice a high (9 or 13 ml/day) or low water intake (4 ml/day).
Effect of vasopressin on pendrin abundance (series 3). For 7 days, mice received [deamino-Cys1, D-Arg8]-vasopressin acetate salt hy-drate (dDAVP; 0.25 ng/h; V1005, Sigma) or vehicle by minipump (Alzet model 1002, Alzet, Palo Alto, CA) and consumed a grain-based diet with 6 ml H 2O daily.
Effect of H2O intake on pendrin abundance when circulating vasopressin levels were clamped (series 4). For 10 days, mice received dDAVP (0.25 ng/h) by minipump and consumed a grain-based diet with 5 ml H 2O/day. A second group received dDAVP over the 10-day treatment period and consumed the same diet as the group above (5 ml H 2O/day) for the first 3 days and then received 11 ml/day of H2O for the remaining 7 days. The nutrient intake was otherwise the same in each group.
In some experiments, mice were placed in metabolic cages 48 h before death. Urine was then collected under oil at 4°C for the 24 h before death. Mice were then killed under anesthesia with 1-2% isoflurane in 100% O 2 at 1 liter/min.
The Institutional Animal Care and Use Committee at Emory University approved all animal treatment protocols.
Measurement of Blood Pressure, Serum and Urine Chemistries, Thyroid-Stimulating Hormone, Aldosterone, Renin, and Arterial Blood Gases
Blood was collected for serum chemistries through the abdominal aorta under isoflurane anesthesia. Serum chemistries were measured by IDEXX Laboratories (West Sacramento, CA) (31). Urine Cl Ϫ was measured with a Chloride Analyzer 926S (Nelson Jameson, Marshfield, WI). Arterial and urinary pH and PCO 2 were measured using an ABL5 (Radiometer America, Westlake, OH) (31) or a microelectrode (MI 410, Microelectrodes, Londonderry, NH). Serum and urine creatinine were measured by HPLC (8) . Plasma renin concentration was measured using methods described previously (17) . Serum osmolality was measured with a vapor pressure osmometer (Wescor, Logan, UT). Serum total and inorganic iodine, urine inorganic iodine, and iodine content of the diets were measured using methods published previously (2, 3). Serum inorganic iodine was calculated as the difference between total and hormonal (or organic) iodine. Serum thyroidstimulating hormone (TSH) was measured by radioimmunoassay (19) . Serum aldosterone was measured by RIA using a kit (Coat-A-Count, Diagnostic Products, Los Angeles, CA.).
Antibodies
The rabbit anti-rat aquaporin-2 (AQP2) antibody (4) was a generous gift of Dr. Mark Knepper. The primary rabbit anti-Slc26a4 antibody employed in immunohistochemistry and immunogold cytochemistry recognizes amino acids 766 -780 of the human Slc26a4 sequence, the gene encoding pendrin. Polyclonal antibodies that target this amino acid sequence have been characterized previously in studies of mouse kidney (21) . The antibody employed in immunoblots recognizes the terminal 29 amino acids of the rat pendrin protein sequence (16) and was a generous gift of Dr. Peter Aronson. We asked whether this anti-pendrin antibody (16) specifically detects pendrin protein by immunoblotting. This antibody detects a protein of the expected size in kidney lysates from wild-type, but not from pendrin null mice (20) (Fig. 1) . Thus this antibody specifically detects pendrin protein by immunoblotting and was employed in all experiments below that quantified pendrin abundance by Western blot analysis.
Immunoblotting
Semiquantitative immunoblotting of kidney lysates from Slc26a4 (Ϫ/Ϫ) and Slc26a4 (ϩ/ϩ) mice were performed as reported previously (36) . Tissue was homogenized in dissecting buffer (0.3 M sucrose, 25 mM imidazole, 1 mM EDTA, pH 7.2, containing 8.5 M leupeptin, 1 mM phenylmethylsulfonyl fluoride) and then dissolved in Laemmli buffer and resolved by SDS-PAGE. Equal protein loading was confirmed by Coomassie blue staining of gels run in parallel (29) . Protein was electrophoretically transferred onto nitrocellulose membranes and probed with the antibody that recognizes the terminal 29 amino acids of the rat pendrin sequence (16) . Immunolabeling was detected with a horseradish peroxidase-conjugated goat anti-rabbit Pendrin band density was compared in kidney lysates from 3 wild-type and 3 pendrin null mice run in 2 separate gels. As shown, the antibody raised against the terminal 29 amino acids of the rat pendrin sequence (16) detects a protein in lysates from wild-type mice, but not from pendrin null mice, that migrates at ϳ130 kDa, the expected mobility of pendrin (20) . Therefore, this antibody is specific for pendrin protein.
Fig. 2. Effect of I
Ϫ intake on pendrin abundance. Wild-type mice were given a synthetic diet that provided either 0.9 (LI) or 13 g I Ϫ /day (HI) for 14 days and then killed (series 1). Pendrin abundance was quantified by immunoblotting kidney lysates from mice in each group. Band density was normalized to the mean band density of renal lysates from mice given the high-I Ϫ diet. As shown, no difference in pendrin abundance was detected between groups.
Fig. 3. Effect of I
Ϫ intake on pendrin immunolabel. Wild-type mice were given a synthetic, I
Ϫ -restricted or an I Ϫ -replete diet for 14 days (series 1). Pendrin labeling in cortical sections from mice in each group is shown. No distinct difference in label intensity or subcellular distribution was noted between these 2 groups. secondary antibody (Upstate Biotechnology, Lake Placid, NY) using an enhanced chemiluminescence system (Amersham Biosciences, Little Chalfont, UK). Band density was quantified using Quantity One Image software (Bio-Rad, Hercules, CA) and compared between groups.
Immunohistochemistry
In situ fixation of mouse kidneys was performed as described previously (31). For paraffin embedding, tissues were dehydrated in a graded series of ethyl alcohol followed by xylene and then embedded in paraffin. The sections were deparaffinized and rehydrated. Endogenous peroxidase was blocked with 0.5% H 2O2 in absolute methanol for 30 min at room temperature. To reveal antigens, sections were incubated in 1 mM Tris solution (pH 9.0) supplemented with 0.5 mM EGTA and heated in a microwave oven for 10 min. Nonspecific binding of IgG was prevented by blocking in PBS supplemented with 1% BSA, 0.05% saponin, and 0.2% gelatin. Sections were incubated overnight at 4°C with primary antibodies diluted in PBS supplemented with 0.1% BSA and 0.3% Triton X-100. After sections were rinsed with PBS supplemented with 0.1% BSA, 0.05% saponin, and 0.2% gelatin, labeling was visualized with a horseradish peroxidaseconjugated secondary antibody (1:200, DAKO), followed by incubation with 3,3Ј-diaminobenzidine (brown stain). Sections were washed with distilled water, dehydrated with graded ethanol and xylene, mounted in Eukitt, and examined by light microscopy.
Immunogold Cytochemistry
Kidneys were prepared for electron microscopy as described previously (34) . For electron microscopy, pendrin immunoreactivity was localized in ultrathin sections using immunogold cytochemistry (34) . The CCD, CNT, and iCT were identified as described previously (34) . Type A, type B, and non-A, non-B intercalated cell subtypes were identified using morphological characteristics established in studies of rat and mouse under basal conditions (34) .
Morphometrical Analysis
Apical plasma membrane boundary length, cytoplasmic area, and gold label along the apical plasma membrane and over the cytoplasm, including cytoplasmic vesicles, were quantified in type B and non-A, non-B intercalated cells from each treatment group as described previously (34) . In each animal, at least five cells of each intercalated cell subtype were selected at random and photographed at a primary magnification of ϫ5,000 and examined at a final magnification of about ϫ18,200.
Statistical Analysis
Comparisons were made between two groups using an unpaired Student's t-test. A P Ͻ 0.05 indicates statistical significance. Data are displayed as means Ϯ SE.
RESULTS
I Ϫ Intake Does Not Change Pendrin Expression
Because Cl Ϫ intake modulates pendrin expression (20, 30, 32) , we asked if renal total pendrin abundance is regulated by intake of other halides. Thus the effect of I Ϫ intake on pendrin abundance and subcellular distribution was explored (Table 1 , series 1). Figure 2 shows that pendrin abundance was similar in kidney lysates from wild-type mice given either the low (0.9 g I Ϫ /day)-or the high-I Ϫ (13 g I Ϫ /day) synthetic diet for 2 wk. Moreover, no marked difference in the subcellular distribution of pendrin immunolabel was detected when I Ϫ consumption was varied (Fig.  3) . 2 We conclude that I Ϫ intake, unlike Cl Ϫ intake, has little affect on pendrin abundance or subcellular distribution.
Pendrin Null Mice Have Lower Serum I
Ϫ and Greater I Ϫ
Clearance than Wild-Type Mice Particularly When Water Intake is High
To determine whether pendrin modulates I Ϫ balance, serum total and inorganic I Ϫ concentrations were measured in pendrin 2 Because I Ϫ intake might have a biphasic effect on pendrin abundance, pendrin expression was examined over different ranges of I Ϫ intake. No difference in pendrin abundance was noted when I Ϫ intake was varied (not shown). Values are means Ϯ SE. To determine serum creatinine and I Ϫ concentrations that were used in the calculation of the fractional excretion of I Ϫ , I Ϫ and creatinine were measured in the same serum samples that were pooled from 2 mice. For each "n", I
Ϫ and creatinine concentrations were measured separately in urine samples from each of these 2 mice and averaged. The mean of these 2 concentrations were used in the calculations. Twenty-four-hour solute excretion was not quantified in mice given the lower water intake since it was not possible to achieve full solute recovery. Mice were given the grain-based diet (series 2). *P Ͻ 0.05. Fig. 4 . Effect of water intake on pendrin immunolabel. A: wild-type mice were given a balanced diet prepared as a gel and either 4 (LW) or 9 ml H2O/day (HW; series 2). After 7 days of either diet, pendrin labeling was examined in cortical sections taken from kidneys in each group. As shown, label was more distinct and discrete in the apical regions of cells in kidneys from mice given the higher water intake. B: mice were treated as described in A. Pendrin band density was quantified by immunoblotting of kidney lysates taken from mice in each group. Values were normalized to the band density obtained from kidney lysates taken from mice given the low-water diet. As shown, pendrin band density was similar in kidneys from each group.
null and wild-type mice following 2 wk of the I Ϫ -restricted diet employed above (0.9 g I Ϫ /day, series 1). As shown (Table 2 ), serum I Ϫ was lower in pendrin null than in wild-type mice. Genetic disruption of Slc26a4 does not reduce serum I Ϫ concentration from hypothyroidism since TSH is similar in pendrin null and wild-type mice (Table 2) .
Further experiments explored whether pendrin null mice have a lower serum I Ϫ concentration from greater renal I Ϫ excretion. Thus serum I Ϫ and fractional excretion of I Ϫ (FE IϪ ) 3 were compared in wild-type and pendrin null mice after animals received 7 days of a standard rodent diet prepared as a gel, which gave 4 ml H 2 O/day (series 2, Table 1 ), which is the typical daily ad libitum H 2 O consumption for a mouse. As shown (Table 3) , serum I Ϫ was lower in pendrin null relative to wild-type mice, although no difference in FE IϪ was detected.
Because water intake changes the driving force for the passive absorption of solutes such as I Ϫ , further studies compared serum I Ϫ concentration in pendrin null and wild-type mice after 7 days of an identical diet, but when water intake was increased from 4 to 13 ml/day (series 2). As shown (Table 3) , wild-type and mutant mice had a greater difference in I Ϫ balance when H 2 O intake increased. Whereas FE IϪ was similar in pendrin null and wildtype mice when consuming 4 ml H 2 O/day, FE IϪ was 2.8-fold higher in the mutant mice when water consumption increased to 13 ml/day. Clearance of both I Ϫ and Cl Ϫ were greater in pendrin null than in wild-type mice (Table 3) . However, mutant and wild-type mice had greater differences in I Ϫ clearance than in Cl Ϫ clearance. We conclude that pendrin expression modulates the renal excretion of I Ϫ , particularly when water intake is high.
Pendrin Abundance is Regulated by Water Intake
Since wild-type and pendrin null mice had greater differences in serum I Ϫ concentration as water intake rose, we asked whether water intake modulates pendrin abundance. By light microscopy ( Fig. 4A) , pendrin immunolabel appeared more intense and more discrete in the apical regions of cells in cortical sections from mice that consumed more H 2 O. Thus pendrin abundance and subcellular distribution were quantified in kidneys from wild-type mice after consuming 4 or 9 ml H 2 O per day for 7 days (series 2). As shown (Table 4 ), the ratio of apical plasma membrane to cytoplasm pendrin immunolabel in B cells was ϳ75% higher in mice with the higher H 2 O intake, although apical plasma membrane pendrin immunolabel was unchanged in non-A, non-B cells. However, water intake did not affect total pendrin protein abundance when quantified either by immunoblotting or by immunogold cytochemistry with morphometrical analysis (Table 4 , Fig. 4B ). We conclude that the subcellular distribution of pendrin changes as water intake is varied. With increased H 2 O consumption, the subcellular localization of pendrin in type B intercalated cells shifts from the cytoplasm to the apical plasma membrane. Since pendrin is regulated in vivo by the renin-angiotensinaldosterone system (18, 31, 39) and possibly by changes in arterial pH (1, 11, 33) , arterial pH and circulating concentrations of aldosterone or renin were measured when dietary H 2 O intake was varied ( Table 5 ). As shown, increased H 2 O intake did not alter arterial pH, serum osmolality, serum aldosterone, or plasma renin concentration and thus cannot explain the increase in pendrin abundance observed as water intake increased. However, urinary pH was higher in mice consuming more H 2 O, consistent with increased pendrin-mediated HCO 3 Ϫ secretion.
Water Intake Increases Pendrin Expression Independently of Vasopressin
Since circulating vasopressin levels rise as water intake falls and because vasopressin modulates salt and water transport in the collecting duct, we asked whether water intake modulates pendrin abundance through the action of vasopressin. Since 3 Mice kidneys secrete a substantial amount of creatinine (7) . Therefore the urine I Ϫ /creatinine ratio should overestimate the amount of I Ϫ absorbed. Values are means Ϯ SE. Mice were given the grain-based diet (series 2). *P Ͻ 0.05. High water intake 9 1.57Ϯ0.36 (n ϭ 3) 0.40Ϯ0.02 (n ϭ 3) 306Ϯ(n ϭ 4) 7.37Ϯ0.01(n ϭ 8) 42Ϯ1 23Ϯ1 6.44Ϯ0.09 (n ϭ 9) Low water intake 4 1.59Ϯ0.35 (n ϭ 3) 0.43Ϯ0.01 (n ϭ 3) 305Ϯ2 (n ϭ 5) 7.37Ϯ0.01 (n ϭ 10) 42Ϯ1 23Ϯ1 6.11Ϯ0.05* (n ϭ 10)
Values are means Ϯ SE. Mice were given the grain-based diet (series 2). *P Ͻ 0.05.
AQP2 abundance is highly regulated by changes in circulating vasopressin concentration, AQP2 abundance was quantified in kidney lysates from mice consuming 4 vs. 13 ml H 2 O/day (series 2). With reduced H 2 O intake, renal AQP 2 abundance increased, consistent with the expected increase in circulating vasopressin (Fig. 5) . Thus we hypothesized that lowering water intake reduces pendrin abundance because vasopressin release increases. To explore the effect of vasopressin on pendrin abundance, mice received 7 days of dDAVP or vehicle (series 3), while consuming 6 ml H 2 O each day. As shown, dDAVP did not change pendrin protein abundance (Fig. 6) . However, pendrin immunolabel appeared slightly more diffuse in kidneys from mice given dDAVP, consistent with reduced apical plasma membrane abundance. Thus we cannot exclude the possibility that water intake modulates pendrin abundance, at least in part, through the action of vasopressin.
Vasopressin might modulate pendrin abundance through a direct, type 2 vasopressin receptor (V2R)-mediated mechanism, or through an indirect effect, such as through changes in luminal flow rate. Therefore, further experiments explored whether H 2 O intake modulates pendrin total protein abundance and subcellular distribution when circulating vasopressin concentration was clamped. Thus mice received dDAVP by minipump and either 5 or 11 ml H 2 O daily for 7 days (series 4). As shown (Fig. 7) , in dDAVP-treated mice, pendrin immunolabel was much more intense and discrete in the region of the apical plasma membrane when animals consumed 11 ml H 2 O/ day relative to those consuming 5 ml H 2 O/day, despite similar circulating levels of vasopressin. However, pendrin total protein abundance was similar in kidney lysates from vasopressintreated mice consuming either 5 or 11 ml H 2 O/day (Fig. 7) . Thus H 2 O intake modulates pendrin's subcellular distribution independent of circulating vasopressin levels.
Further experiments determined whether pendrin attenuates the fall in serum Cl Ϫ concentration following vasopressin treatment when H 2 O intake is high. As shown (Table 6 ), serum Cl Ϫ is lower in pendrin null than in wild-type mice in this treatment model, although differences in Cl Ϫ clearance were not detected. Therefore, pendrin is critical in maintaining serum Cl Ϫ and I Ϫ concentration, particularly when H 2 O intake is high.
DISCUSSION
The present study demonstrates that water intake regulates pendrin abundance in the kidney. Water intake does not alter pendrin abundance through changes in arterial pH, serum osmolality, or through changes in circulating TSH, aldosterone, or renin concentration. However, since pendrin abundance might be reduced with administration of the V2R agonist dDAVP, water intake might modulate pendrin abundance and pendrin-mediated I Ϫ uptake through the release of vasopressin. The body tightly controls serum NaCl concentration largely through the regulated release of vasopressin. The antidiuretic action of vasopressin is mediated by V2R, which is expressed along the collecting duct and in the CNT (10, 15) . However, since the V2R is not expressed within intercalated cells (10) and because water intake regulates pendrin abundance even when circulating vasopressin concentration is clamped 4 , it is unlikely that vasopressin alters pendrin abundance through a direct, V2R-mediated signaling event. Instead, dDAVP most likely regulates pendrin abundance through an indirect effect, such as through changes in luminal flow rate, luminal solute concentration, or through changes in epithelial properties, such as solvent drag. Whether flow rate increases pendrin-mediated transport in vitro remains to be determined, however.
How the kidney helps maintain serum Na ϩ and Cl Ϫ concentration when circulating vasopressin levels are inappropriately high has been studied extensively in rats given the V2R agonist dDAVP and a high dietary water intake (vasopressin escape). Although hyponatremia is observed during vasopressin escape, the kidney mitigates the fall in serum Na ϩ by reducing the abundance of the vasopressin-sensitive H 2 O channel AQP2, which reduces water absorption (6) , and by increasing the abundance and activity of Na ϩ transporters such as the epithelial Na ϩ channel (ENaC) and the thiazide-sensitive NaCl cotransporter (NCC) (5), which enhances Na ϩ absorption. In addition, the present study shows that the kidney helps maintain serum Cl Ϫ concentration during vasopressin escape by upregulating pendrin. The increase in pendrin abundance observed during vasopressin escape likely contributes to the hypertension observed in this treatment model (26) . In the absence of pendrin, the kidney has an impaired ability to mitigate the fall in serum Cl Ϫ expected when circulating vasopressin levels are inappropriately high.
During vasopressin escape, ENaC activity rises through increased abundance of the ␣-ENaC subunit and through the enhanced posttranslational processing of ␥-ENaC, which involves protein cleavage and glycosylation. The increased Fig. 5 . Effect of water intake on aquaporin-2 (AQP2) abundance. Wild-type mice were given a balanced diet prepared as a gel and either 4 (LW) or 13 ml H2O (HW) each day (series 2). After 7 days of either diet, AQP2 band density was examined in kidney lysates taken from mice in each group. As shown, AQP2 band density was higher in kidneys from mice with the lower H2O intake.
␥-ENaC processing observed during vasopressin escape occurs in the renal cortex, where pendrin is highly abundant, but does not occur in the medulla, where pendrin abundance is low (26) . Since pendrin impacts ENaC subunit abundance and ␥-ENaC posttranslational processing (14) , the increase in pendrin abundance observed during vasopressin escape contributes to the enhanced ␥-NaC cleavage present in this treatment model.
Since increased water intake upregulates pendrin abundance, increased pendrin-mediated I Ϫ uptake is expected. With greater water intake, pendrin-mediated I Ϫ uptake should in- Pendrin label appeared more diffuse in cortical sections from mice given dDAVP than those given vehicle, consistent with increased apical plasma membrane pendrin abundance. Fig. 7 . Effect of water intake on pendrin abundance and subcellular distribution when circulating vasopressin levels are clamped. Series 4: Mice received dDAVP and 5 ml H2O/day (NWϩdDAVP) or dDAVP and 11 ml H2O/day (HWϩdDAVP). Pendrin labeling is shown in cortical sections from mice in each group (a). Pendrin immunolabel is shown in cortical sections from mice given 5 (A) or 11 ml H2O/day (C; series 3). CNTs from each of these micrographs are shown at higher magnification (AЈ and CЈ). Pendrin immunolabel in CCDs from dDAVP-treated mice with the lower or higher water intake are shown in B and D. Pendrin labeling appeared more distinct and discrete in the region of the apical plasma membrane in sections from mice that consumed more H2O. b: Pendrin abundance in kidney lysates from mice in each of these treatment groups. As shown, H2O intake did not increase pendrin total protein abundance when quantified by immunoblotting (P ϭ 0.072).
crease in wild-type mice. In the absence of pendrin, I Ϫ balance is more negative, particularly when water consumption is high, consistent with a role of pendrin in renal tubular I Ϫ absorption. Pendrin is upregulated not only with increased H 2 O consumption but also by dietary Cl Ϫ restriction (20, 30, 32, 35) , which further impacts I Ϫ balance. As early as 1911, it was recognized that renal I Ϫ absorption increases dramatically following dietary Cl Ϫ restriction (37) . The increment in renal I Ϫ absorption observed during NaCl restriction occurs in part from increased pendrin abundance. Moreover, if I Ϫ and Cl Ϫ compete for a common extracellular pendrin binding site, Cl Ϫ restriction should augment pendrin-mediated I Ϫ uptake by increasing the occupancy of this binding site with I
Ϫ . This possibility remains to be tested, however.
Renal I Ϫ absorption occurs through both active and passive mechanisms (12) . Passive solute absorption depends on luminal solute concentration, which increases as water is absorbed (37) . With the increase in water absorption that follows reduced H 2 O intake, luminal solute concentration rises, which increases the driving force for solute absorption. Thus reduced H 2 O consumption increases luminal I Ϫ concentration, which reduces I Ϫ excretion by increasing the driving force for renal I Ϫ absorption. Conversely, increased H 2 O consumption reduces the driving force for renal I Ϫ absorption, which should increase I Ϫ excretion. Since the pendrin-dependent component of renal I Ϫ absorption increases with greater H 2 O consumption, it is unlikely that pendrin modulates renal tubular I Ϫ absorption through a passive transport mechanism.
While Cl Ϫ intake modulates pendrin abundance and subcellular distribution, we did not observe a change in pendrin expression when I Ϫ intake was limited to 0.9 g/day for 14 days. However, we cannot exclude the possibility that further dietary I Ϫ restriction increases transporter abundance. In conclusion, pendrin is critical to the maintenance of serum I Ϫ and Cl Ϫ , particularly when H 2 O intake is high. Increased water intake raises pendrin abundance, which most probably increases pendrin-mediated I Ϫ absorption. However, water intake does not likely increase pendrin abundance through a direct, vasopressin V2R-mediated signaling event. Values are means Ϯ SE. Mice were given dDAVP by minipump and consumed the grain-based diet and 5 ml H2O/day for 3 days, 11 ml H2O/day for the next 7 days, and then killed (series 4, vasopressin escape). *P Ͻ 0.05.
